We describe the case of a 10-year-old boy who had been admitted on several occasions witha diagnosis of gastroententis. He had been severely ill, and on one occasion lost consciousness. He had a metabolic acidosis on these occasions. Examination of the urine by gas chromatographymass spectrometry showed a large peak, identified as glycerol. The concentration of glycerol in the urine was 40-280 mmol/L and the concentration in plasma about 2 mmol/L. He was subjected to a fast of 21 h, at the end of which he expressedfeelings of discomfortand nausea, began vomiting, and became somnolent. During this period the blood glucose concentration was only slightly decreased, the plasma glycerol concentration increased to 4.9 mmol/L, and the plasma lactate concentration increased to 3.8 mmol/L. During work on a bicycle ergometer for 35 mm (40 W) he complained of muscle pain and became nauseated, but there was no significant increase in the concentration of plasma glycerol. The activity of glycerol kinase (EC 2.7.1.30) in leukocytes and cultured fibroblasts was less than 1% of the valueforhealthysubjects.
and complaining of severe abdominal pain. An intestinal invagination was suspected, but ruled out by normal roentgenographic findings after a barium enema. He had a metabolicacidosis, pH 7.31, Pco24.1 kPa, base excess -10.5 mmolIL, and standard bicarbonate 17.1 mmol/L. Sodium and potassium concentrations in serum were within the normal reference interval. The acidosis was rapidly corrected by therapy with intravenousfluid. The two following episodes were essentially similar, but his general condition was less affected and dehydration was corrected by therapy with oral fluid. No blood analyses of acid-base parameters or electrolytes were performed.
The hitherto most severe episode occurred at the age of 8.5 years, when he was hospitalized after 36 h of moderate diarrhea and vomiting. On admission he was tired, pale, and hardly capable of answering questions. Within a few hours of admission his condition deteriorated and he became unconscious. There was a metabolic acidosis, pH 7.24, Pco, 43 kPa, standard bicarbonate 13.9 mmolJL, and base excess -11.5 mmolJL. The activities of aspartate aminotransferase, alanine aminotransferase, and alkaline phosphatase in serum were all slightly above the normal reference interval. An acute encephalitis was suspected, but results of examination of cerebrospinal fluid, including the electrophoretic pattern of proteins, were entirely normal. An electroencephalogram (EEG) showed a general but unspecific abnormality. A screening for rising viral titers gave negative results. The metabolic acidosis was normalized within one day by intravenous fluids containing bicarbonate and glucose, and the patient had recovered completely within one week. The last episode was preceded by two days of excessive physical activity; vomiting started in the evening of the second day, and on admission the next morning he was paleand tired, but not unconscious. Again, there was a metabolic acidosis, pH 7.2, pco2 4.6 kPa, base excess -12.9 mmol/L, standard bicarbonate 14.6 mmoltL. After therapy with intravenous fluidhe recoveredwithinone day.
At the age of eight years-a few months before the most severeepisode-thepatienthad two epileptic seizures of the grand mal type. The EEG recordingrevealed epileptic activity (Rolandic spikes) inthe central and parietal parts of the righthemisphere.Phenytoin (200 mg/day) was started and has been continuedever since. He has remained free of seizures and the last EEG recording at age 8.5yearsshowed a normal pattern. At present, at the age of 11 years, a generalclinical and neurological examination has revealed no abnormality. The concentrationsof lactate, 3-hydroxybutyrate, acetoacetate, free fatty acids, triglycerides, and glucose were determined according to standard techniques (7-11). The activity of creatine kinase was determinedaccordingtothe Scandinavian Committee on Enzymes (12).
The radiochemical assay for glycerol was that developed by Newsholme and Taylor ( Figure 1 shows the result of gas chromatography-mass spectrometry of a urine sample. The insertin thisfigure shows the mass spectrum,which ischaracteristic ofglycerol (15) . Because the extraction efficiency for glycerol is rather low, we used the enzymatic method for measuring its excretion inthe urine. For nine urine samples collected over a period of sixmonths, itranged from 43 to 280 mmol/L, whereas in control samples it was <0.2 mmol/L ( Table 1 ).
Results

Glycerol in Urine and Blood Plasma
The concentration of glycerol in the urine from the parents was also<0.2 mmol/L. The plasma glycerol concentration was about 2 mmol/L inthe boy,and fell withinthe normal reference interval in the parents (Table 1) .
Activity of Glycerol Kinase
The activity of glycerol kinase was determined in homoge- nates of leukocytes from the patient, his parents, and five reference subjects ( Table 2 ). The activity in the patientwas 0.5% of that in normals, whereas the activity of glycerol kinase in leukocytes from the parents did not differ from that in the referencesubjects. In fibroblasts (Table 2) , the activity oftheenzyme inthepatientwas about 1% ofthatin normal controls. 
Effect of Fasting
To study the effect of fasting we withheld food, beginning at 16:00 hours. The following morning the boy appeared completely normal and active, but drowsiness gradually developed; he became irritable and went to bed. About 21 h after the start of the experiment he complained of nausea and began to vomit. The clinical picture then resembled what had been noted when he had previously been hospitalized for "gastroenteritis."
Food was given and he recovered quickly to a normal state.
Blood samples were analyzed accordingto standard techniques for free fatty acids, triglycerides, 3-hydroxybutyrate, acetoacetate, lactate, and glucose (Figure 2) . The changes in concentration of glucose, acetoacetate, 3-hydroxybutyrate, and free fatty acids were those expected in a normal subject. The lactate concentration rose to 3.8 mmolJL. The glycerol concentration, initially 1.94 mniol/L, increased to a peak value of 4.9 mmol/L.
Urine samples were analyzed for glycerol and organic acids (Figure 3) . The glycerol concentration increased to 42 mollmol of creatinine. The pattern of organic acids showed ketoacidosis.
The parents of the patient were voluntarily fasted for 16 h. During this period the urines were sampled and analyzed for glycerol, and after 16 h of fasting a blood sample was analyzed for glycerol. There was no increase in the concentration of glycerol in urine and the concentration of glycerol in plasma fell within the normal range. The parents felt well during the whole fasting period.
Effect of Physical Exercise
The boy was subjectedto work on a bicycleergometer (40 W) for 35 mm. After about 15 mm he complainedof pain in the leg muscles. Immediately after the work period he complained of nausea and began to vomit. When glucose was given orally he immediately felt better. 
Discussion
In 1977,McCabe et al. (2, 3) reported on two brothers, two and five years old, with a concentration ofglycerol in serum ofabout 0.5-1.0mmol/L. The urinary excretion of glycerol was not reported. The children had poor somatic growth, psychomotorretardation, spasticity,nonparalytic esotropia, and pathologicalbone fractures. They had had no epileptic seizures. Both had osteoporosis and an unspecificmyopathia with a very high concentrationof serum creatine kinase. At six years of age,the elder brother was hospitalized for an episodeof gastroenteritis. He was lethargic and dehydrated, and had hyponatremia and hyperkalemia. Addisonian pigmentation was noted and an endocrinologicalworkup gave results characteristic of Mb Addison.In the younger brother a surgical procedure for correction of strabismus was performed at age 33 months. Two days later, at home, he became very ill and died within 12 h. 4 ., Our case had none of the multiple symptoms characteristic of the two American children, but the clinical picture during his repeated hospitalizations to someextent resembles that of the episode described for the elder American brother, which was also ascribed to a gastroenteritis.
In the (17) concludedthat the glyceroluria was due to a disturbed reabsorption capacity of the kidney tubuli rather than to a metabolic defect in thetubularcells. Besides, Palo et al. (17) reported that the disturbance also had been noted in an apparently healthy female with normal intelligence.
Both McCabe et al. (1) (2) (3) There are no other indications that hyperglycerolemia in patients with a normal metabolism of glycerol causes symptoms resembling those seen in our case. The symptoms of our patient and of the Maclaren case were quite similar. A low blood glucose concentration occurred in one experiment by Maclaren but on other occasions this was not the case, and in our patient the symptoms occurred without significant decrease in blood glucose concentration. This symptomatology is very similar to what has been called neuroglycopenia (24) .
A connecting link between the two casescould be that, in both, high glycerol concentration interferes with cellular utilization of glucose. In our case the cause of the high glycerol concentration was defined; in the Maclaren case an abnormality in the glycerol metabolism was not established. The relation between an impaired cellular utilization of glucose and impaired cellular metabolism of glycerol remains to be elucidated.
The first sample sent to the laboratory was reported to contain "trace of glycerol"; in a later sample no glycerol was found, but finally it was realized that the excretion of glycerol was significantly increased.
As pointed out by McCabe et al. (2, 3) , procedures for studying "organic acids" in urine are likely to overlook neutral compounds such as glycerol. Thus, without correction for extraction efficiency and detector response differences, the gas-chromatographic method gives an estimated excretion of about 0.5 mmoll day-still well above normal-whereas the enzymatic method yielded a value of 250 mmollday. It is important therefore that cases which show slight increases of glycerol in urine should be more closely studied.
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